Objectives -To provide an overview of the factors associated with growth in primary school children in England and Scotland and to provide infonnation about the secular trend of growth in the last 20 years. Setting -Representative English and Scottish samples and an English inner city sample. Methods -The study had a mixed longitudinal design from 1972 to 1994. Between 8000 and 10 000 children participated in each survey. Height was measured in at least 95% of the children in most surveys, and 75% to 85% ofparents provided infonnation about family background. Main results are based on published infonnation. Multiple regression was used for most of the analyses. Results -Parents' height, child's birth weight, mother's age at child's delivery, ethnic background and, in white children, family size are the only factors markedly associated with height. Variables that have traditionally been used to assess the possible effect of social conditions were generally not associated with height. The height increase was more marked in Scotland than England over the period 1972 to 1990, and the differences in height of children in the two countries is now minimal.
There are few other topics more researched than the one chosen for this paper. The apparent lack of complexity in taking the height measurement, the acceptability of the measure-ment to most subjects in the community, and the unobtrusive nature of the procedure contribute to its frequent use. The abundance of literature, which spans a long period of time and a diversity of environments, issues, and approaches, necessarily renders any review of the topic selective. It is, therefore, important at the outset to define the context of this paper. Except for some genetic conditions in which major genes determine height, the accepted paradigm is that many factors will influence the final height of individuals and the timing of the growth spurt. The relative importance of the diversity of factors will depend on the time period and the setting chosen for the study. Floud 1 has shown a large variation in the height of military drafts in Britain between 1750 and 1920. Although methodological issues and changes in maturational age make the interpretation of the trends in height difficult, a change in the standard of living is the most plausible explanation of the change in height over time. Likewise the very large differences in mean height between children of high and low socioeconomic status in several developing countries is difficult to explain by non-environmental factors.f This difference in height is more difficult to explain by a factor other than standard of living if the difference increases according to the level of poverty of the country. The difference between high and low social groups of 7 year old children is of the order of 10 to 12 ern in Guatemala and India and about 5 ern in countries like Brazil and Costa Rica.
On the other hand, the impact of genes on growth has been demonstrated in twin and parent-child studies. Wilson was able to show that the mean difference in height at age 4 was 1·1 em in monozygotic (MZ) twins and 3·2 em in dizygotic (DZ) twins." The correlation in MZ pairs was 0·94 and in DZ pairs was 0·60. In parent-child studies the correlation is of the order of 0'4 in developed countries and lower in developing countries, indicating a greater influence of the environmental component in developing countries."
The question of how much genes or environment contribute to height is meaningless if it is not circumscribed to a society in a given period of its history. The relative contribution of physical environment, social conditions, illnesses, and genes on height must be different in a country with a very low standard of living such as Haiti and another that has reached a high level of development, such as Sweden.
We will attempt to give an assessment, based on results from the national study of health and growth (NSHG), ofthe relative importance of genes and environment in the growth of English and Scottish primary school children in the past two decades. Even when defined in such a restricted manner we have to acknowledge limitations in the assessment of the contribution of environment and genes which are worth mentioning at the outset. We assume that certain characteristics represent the environment and others the genes. However, such a clear cut separation in the definition of the variables included in population studies is no more than a chimera. Many of our variables are an imperfect representation of the environment or of genetic variation. Even worse, often they represent an unknown mixture of the two. For example, ethnicity which is known to be associated with many anthropometric measures, may represent genetic, cultural, and environmental influences on growth in unknown proportions for each of the ethnic groups. The biology of birth weight is also too complex for simply classifying it in one category. Other variables such as maternal age cannot be classified easily as environmental or genetic. Even if we can, with difficulty, classify some ofthe variables it is impossible to ascertain whether the alternative groups represent better or worse environments on their own. Assessing whether population density (rural or urban setting) is associated with height does not give a direct measure of the level of disadvantage of the characteristics of the variable. In some countries rurality is associated with advantage while in others it represents the opposite."
The NSHG has been running for 23 years. We have published about 25 original papers on factors affecting height and many reviews of the subject. These reports have covered a wide range of topics, such as social factors affecting growth, variation in height between ethnic groups, illness and height, the effect of nutritional programmes on height, the effect of passive smoking on height, and the assessment of secular trends of height and possible factors influencing the changes. Over the 20 years some of the topics have been revisited. In most of these analyses our results have been remarkably similar despite inevitable changes in the strategy of analysis. This paper gives an overview of the relative strength of the association between a large number of independent factors and height. In terms of height screening the results are relevant because they provide information on the characteristics that increase the probability that a child is short and on whether the impact on height of these characteristics is of such a magnitude that a child may benefit from medical advice or intervention.
Methods
The NSHG was a mixed longitudinal study that included three samples selected separately: an English sample based on a stratified random Rona, Chinn sampling of employment exchange areas with proportionally more from poorer social groups, a similarly selected Scottish sample, and a sample from English county and London boroughs that included areas with inner city characteristics and areas with a high percentage of Afro-Caribbean children or those who originated from the Indian subcontinent. The English and Scottish samples have been found to be socioeconomically similar to a representative sample and will be described for convenience as the English and Scottish representative samples and the third sample will be described as the inner city sample. The two representative samples were surveyed annually from 1972 to 1982 and, subsequently, every two years. The inner city sample was surveyed every two years from 1983. Between 6500 and 8000 children in the age range 5 to 11 participated in each survey in the English representative sample. The Scottish sample included between 1200 and 1500 children up to 1982 and subsequently the sample was enhanced to about 4500 children. The inner city sample included around 7100 children in each survey from 1983. Over 95% of children were measured in almost all of the surveys, except in those requiring positive consent. Variation in numbers between surveys usually followed the concurrent demographic changes in family size or redevelopment in the areas where the schools were located. Further details of the study design are given elsewhere.ss Information on sociodemographic factors, biological factors, and respiratory illness was obtained from a self administered questionnaire sent to the parents. The response rate varied from around 85% in the representative samples to 75% in the inner city sample. Some questions, however, such as parents' occupation, had a poorer response rate (around 70%). Table 1 gives the variables usually included in our analyses. Some changes in the questionnaire were introduced over the years, but most of the items were unchanged over the study period. Very few variables from other sources were included in the analysis, except population density from census data, and geographical location.
Over the study period height was measured with a specially designed stadiometer (Holtain) as described by Tanner et af! and was measured by local nurses supervised by field workers. Height was recorded to the last 0·5 ern on the scale in the first five years of the study, to which 0·25 ern was added to correct the bias, and to the last 0·1 em from 1977, to which 0'05 ern was added." In most of the analyses height was used in standard deviation units (SDs). This is calculated for each child as the difference between the child's height and the mean height of a population of the same age and sex divided by the standard deviation for that population. Standard deviation units remove the effects of age and sex on height, while standardising for the increasing variance between height and age in the age range 5 to 11.
In table 1 the independent variables available for analysis in the NSHG are shown. They include biological characteristics of the child and the parents, sociodemographic family characteristics, health related behaviours and illnesses as perceived by the parents. Minor illnesses -for example, some respiratory diseases, and host reaction conditions such as intolerance to some foods, are an integral part of the environment and can affect the individual's nutritional status either as a direct response to illness or as a result of the individual's modification of his environment to avoid an unpleasant reaction. All the variables in table 1 have been used in multiple regression analyses to assess the contribution of these variables to the child's height and rate of growth. In the assessment of secular trend of growth the statistical methods varied according to whether the children had repeated measurements in the selection of surveys for analysis," or the surveys selected to assess the trends in height were chosen to exclude the possibility that children participated in more than one survey." In one of the analyses of secular trend some social and demographic variables were included in the analysis to assess the possible contribution of these variables to the trend in height. 10
Results

FACTORS ASSOCIATED WITH HEIGHT
The most up to date and more general information on the factors associated with height was published in 1991. 11 Two main approaches were used in the analysis. Firstly, the strength of the association of height with each environmental factor was assessed after adjustment for parental heights, birth weight, length of pregnancy, size of sibship, birth order, and country of residence or ethnic group. Secondly, a stepwise regression with backward elimination of variables was carried out.
In the first analysis it was shown that in the representative sample only maternal age at child's delivery (P<O'OOI), maternal employment status (P<O·05), and latitude (P<O'OOI) were significantly associated with height. Children whose mothers were younger, unemployed, or lived in the south were smaller than the rest. In the inner city area sample most environmental factors were associated with height. In addition to those given above, paternal employment status, maternal hours of work, family in receipt of social benefit, receipt of free school meals, and longitude were highly associated with height (P<O'OOI); maternal social class was also associated with height (P<O·OI). Paternal social class, number of parents at home, maternal education level, and household overcrowding were not related to height in either sample.
In table 2 the final models of the second analysis are shown for the two representative samples and the inner city sample. The variables consistently associated with height in the two analyses were maternal and paternal height, birth weight, length of pregnancy, and maternal age. Size of sibship was also an important factor in both samples, but in the inner city sample a significant interaction of ethnic background and family size on height made the association difficult to interpret. Other variables were inconsistently associated with height in the two samples. Of those, children receiving free school meals, those in the inner city sample were shorter than children whose parents paid for school meals, indicating that some social characteristics not captured by the traditional social variables may have an effect on growth in some subgroups.
In a previous study" in which analysis was carried out by ethnic group in the inner city . areas it was shown that Afro-Caribbean children were taller than white children, and children of Gujarati descent were shorter than white children (fig 1) . In the same study we showed that size of sibship was highly significant in whites living in inner city areas, but in most of the other ethnic groups it was just significant or not significant.
In another analysis using data from the 1972 survey an association was found between height and population density," Children in densely populated areas tended to be shorter, but the level of the association was not very high after adjustment for several confounders.
ILLNESS, PASSIVE SMOKING, AND HEIGHT
Over the years three issues have been researched in relation to height in the NSHG: the possible effects of passive smoking, respiratory illness, and parents' perception of food intolerance in the child. A negative relation was found between both number of smokers at horne'? and number of cigarettes smoked by parents at home, and child's height in data collected in 1982. 13 The effect of passive smoking on height was a decrease of about 1 em. More recently, the analysis has been repeated in all the samples in the NSHG, and after adjustment for a large number of possible confounders no association was found between height and passive smoking in any of the samples." The data collected in 1982 were reanalysed adjusting for the same independent variables as in the analysis of 1988 data and, although a negative coefficient for the association was found, it did not quite reach a significant association (P<O·1 0). Most of the difference between the latest analysis and the Rona, Chinn original analysis was accounted for by the use of size of sibship as categorical variable rather than as a continuous variable, the latter misrepresenting the relation of height to sibship size.
The relation between respiratory illness and height was analysed in two samples, in data collected in 1973 and 1984. 15 Table 3 shows the results in SDs for the symptoms analysed on both occasions. Persistent wheeze, but not occasional wheeze, was significantly associated with height in both surveys after adjustment for confounders. The main difference between the two surveys is that the number of asthma attacks was associated with height in the analysis based on 1973 data, but not in that based on 1984 data.
The relation between parents' perception of a child's food intolerance and height analysis showed that those children defined as food intolerant were shorter than other children after adjustment for possible confounders." The symptoms associated with food intolerance could not explain the reduced height in food intolerant children. A second possible explanation tested was that food avoidance may be related to short height in the group with food intolerance. We found that the number of foods avoided was related to height in the group with food intolerance, but not in the rest of the children (fig 2) .
EFFECT OF ENVIRONMENT ON HEIGHT OVER SHORT PERIODS OF TIME
Analyses have been carried out to assess the possible effect of social factors such as social class, unemployment and size ofsibship, receipt of free school milk and free school meals.F''" In different periods of the study the analyses have varied in the definition of the dependent variable. We have used height gain in a year, the difference in SDs between two surveys, and final height adjusted for height in the earlier survey. Few associations between rate ofgrowth and the environment have been shown to be significant, regardless of the type of analysis carried out.
SECULAR TREND OF HEIGHT
The NSHG was the first study in Britain to assess changes in attained height for a given age in a large sample size using the same methodology over time. We have been able to show that height has increased in English and Scottish boys and girls over the period 1972 to 1990. 7 The latest analysis used information from three surveys 1972, 1982, and 1990 (table 4) . The trend of height has been more marked in Scotland than in England. The difference in terms of SDs was about 0·2 in 1972 and 0·04 in 1990. Thus over the past 20 years the difference in height between children in the two countries has almost disappeared.
Discussion
The most remarkable feature of the results of the NSHG is the consistency with which some analysis. With this strategy of analysis the association between social variables is not eliminated. Paternal and maternal employment were significantly associated with height when adjustment for these variables was carried out.
Receipt of free school meals was also associated with height in the inner city sample. Children entitled to free school meals were shorter, indicating that the welfare food policy as used in 1987-88 was helpful for detecting children whose height might have been affected by their social conditions. Unfortunately, the constant changes in policy in relation to entitlement make this variable less relevant as a monitoring tool.
Another form of assessing the effect of the environment on height is to study the relation between illness and height. Our special interest in respiratory illness has allowed us to analyse the possible effect of respiratory illness on height on more than one occasion. Respiratory illness is the main cause of prevalent illness in school children." The most consistent finding is that children with persistent wheeze are shorter than other children by about 1 cm. On the other hand, our study illustrates how careful one should be in the label of asthma. In 1973, but not in the 1984 survey, the number of asthma attacks was negatively associated with height. A possible interpretation of our results is that persistent wheeze is less affected than asthma attacks by parents' perceptions and labelling. Possibly, the recognition of an asthma attack may have changed over time. In 1973 this label may have been reserved for severe episodes of the disease, whereas in 1984 less severe episodes were labelled as asthma attacks. This explanation is supported by findings indicating that the prevalence of asthma has increased more markedly than wheeze and that severity of asthma may have decreased.t'>"
Inheritance is the most likely explanation for the high association between parents' and child's height. In general this explanation for the very large effect of parents' height on child's height is accepted for most research." This concept has been used for constructing more precise reference values in the pre-adolescent period." However, there are another two possible contributors to the correlation between parents' height and the child's height. These are assortative marriage between parents and positive environmental correlation between parents and children. Assortative marriage can lower the parent-child association substantially, as most studies have shown a father-mother Number of foods cut out
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Cl 'iii :I: -0·5 0·5 independent factors have been associated with height. Parents' height, birth weight, mother's age at child's delivery, ethnic background and, in white children, family size, are markedly associated with height. Although it can be argued that some of the variables above, such as parents' height, child's birth weight, and ethnicity, reflect, in part, an environmental component, this environmental influence is only indirect. In contrast, the more traditional factors used to assess social environment, such as social class, employment status, mother's education, overcrowding, receipt of benefits, are generally not associated or marginally associated with height. In the inner city sample in which social disadvantage may be more widespread than in the representative samples very few variables associated with socioeconomic factors were related to height in the stepwise regression with backward elimination. This is in contrast with multiple regression analyses, in which adjustment only for parents' height, maternal age at child's delivery, length of gestation, sibship size, birth order, and country of residence or ethnic group was included in the correlation between 0·2 and 0,3. 2 4 The environmental positive correlation between parents and children may be less important as the large number ofenvironmental factors included in our study generally failed to reduce the strength of the association in height between parents and children. 11 All the independent variables together explain about 30% of children's height variation. Of that, parents' height explains about 50% and socioeconomic factors explain a very small fraction (less than 10% of the explained variation). It is, therefore, unlikely that socioeconomic factors could affect indirectly, through parents' height or child's birth weight, the height of a child when their direct effect is small. Our overview of the limited effect of the social environment on height is generally not shared by other researchers in Britain. Whincup et al found a difference of 2·0 cm in 7 year old children." Kuh, Power, and Rodgers reported a decrease over time in the height difference in boys, but not girls, according to whether the father had a non-manual or a manual occupation, comparing 7 and 11 year old children from the 1946, 1958, and 1970 cohorts, and the 1980-81 nine towns study." These results, apparently differing from those of our study, are mainly due to the lack of adjustment for possible confounders. If no adjustment were made in our study a difference of 0·4 SDs (about 2·0 em) between manual and non-manual would have been reported in the 1972 survey" and a small difference of 0·13 SDs (0'8 em) would have been found using the 1988 data. II The small difference found in the 1988 survey can be explained by lack of adjustment or by factors unrelated to environment, such as social mobility" and selection of social class by height.3D Using Townsend's material deprivation index, Reading et al assessed the height differences of the most deprived and most affluent 20% enumeration districts in Northumberland." A difference of 0·232 SDs (about 1·25 ern) was reported. Adjustments for the factors included in our study would have reduced the difference. Possibly, however, regional studies may reach different conclusions from those of a national study. In our study the children were attending school in urban settings in Northumberland. The children from those schools tend to be substantially smaller than our reference values. We cannot exclude the possibility that height varies according to social stratification in Northumberland. However, the differences are relatively small in comparison with the main variables explaining height variation in the NSHG.
Birth weight is a variable usually highly associated with height in all our samples and in other studies." From Penrose's classic study we know that birth weight is influenced by a large number offactors, such as maternal genes, fetal genes, maternal general health, and nutrition and maternal health at each pregnancy. 33 A larger difference in the birth weight of MZ twins than DZ twins also reasserts the notion that maternal intrauterine environment is an important factor in determining birth weight.' Rona, Chinn From this point of view the persistent effect of birth weight on height probably reflects the cumulative effect of maternal health, including the mother's own height and nutrition during pregnancy, on the child's subsequent height. If maternal health in pregnancy, and consequently the intrauterine environment, is affected by social determinants we may assume that in countries like Britain a child's height may be more influenced by the environment in a wider sense than the child's postnatal environment.
Ethnicity is another factor that is highly associated with height. The interpretation of this association could vary according to the group. The Afro-Caribbean groups in Britain are not, in general, living in the most advantageous socioeconomic conditions. However, they are the group with the highest mean height." This finding is reinforced by published reports from the USA and the West Indies. 34 35 We can attribute much of the relative tallness of Afro-Caribbean children to genes, especially because we can detect height variability related to several environmental factors within the group. The differences of height between the groups originating in the Indian subcontinent are difficult to interpret. Not only is there a large genetic variability between groups but also there is also a very large environmental variability between groups. Guiaratis tend to be the smallest in our study. Peters and Jones, however, reported that the Gujarati group in their study had a height above the height of the Gujaratis in our study." We are also aware of differences within the same ethnic group living in a different part of Britain. With the available information we are certain that both social and genetic factors have an influence on the height of Asian children living in Britain. However, we are less able to provide an overview of the relative importance of genes and environment in the height of these ethnic groups. The study would be difficult because of the sampling problems in the selection of these groups in Britain.
The persistent increase of height for a given age of children in our study over the past 20 years indicates that environmental factors are still operating in the determination of height of British children. During the 1970s part of the increase of height could be explained by a decrease in the size of sibship." In the white group children in large families tend to be smaller. During the 1970s family size decreased markedly in Britain. Although the demographic changes undergone by family structure in Britain partially explained the changes in height in the seventies, a significant secular trend of height remained. As the demographic changes reduced during the 1980s family size was no longer an important factor in explaining the secular trend of height.
An oversimplistic approach to divide the factors associated with height into those that are genetic and those that are environmental is unhelpful given our current knowledge. We need to know more about the aspects of the environment that play an important part in growth and when the individual is susceptible to the operation of these factors. Likewise our measures to assess genetic factors are imperfect and until such time as our knowledge of the genome allows us to study some genetic markers in populations we should be cautious in the interpretation of the factors that affect growth in population. The classical factors used to assess the influence of socioeconomic factors on growth seem to have a marginal effect on children's growth in Britain. However, other factors, such as birth weight or ethnicity may include in their effects on growth strong environmental factors that are not accounted for by the classical factors used to assess influences on height. In relation to height screening in childhood our analysis indicates that from the large list of independent variables used in the study only parents' heights may have an effect sufficiently substantial to explain short stature in children. This is supported by other studies that have shown that about 20% of children with heights below 2·00 SD can be classified as familial short stature. 37 The national study of health and growth was supported by the Department of Health and the Scottish Home and Health Department.
